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We have analytically obtained the theoretical results for the Rayleigh-Sommerfeld (R-S) scalar
diffraction by apertures, such as single-slit, double-slit, grating and circular aperture, moving at
relativistic speeds with the velocities perpendicular to the direction of incidence. We also have
studied diffraction by a single-slit of oscillatory shutter. Our study would be significant in probing
the relativistic transverse Doppler effect on the intensity pattern of the diffracted field.
PACS numbers: 42.25.Fx Diffraction and scattering, 61.14.Dc Theories of diffraction and scattering, 03.30.+p
Special relativity
I. INTRODUCTION
Diffraction of electromagnetic wave by an aperture
(e.g. single-slit, double-slit, diffraction grating, circular
aperture, etc) or an obstacle (e.g. circular disc, sphere,
etc) still continues to be a subject of great interest as ap-
plications of Huygens-Fresnel (H-F) principle in both the
basic science [1–3] and the applied science [4]. Fresnel-
Kirchhoff (F-K) theory of scalar diffraction, which works
for both the radiative near field region (Fresnel diffrac-
tion) and the far field region (Fraunhofer diffraction), is
often considered as the theory for the diffraction of the
monochromatic electromagnetic wave by an aperture (of
size a few or more times larger than that of the wave-
length of the electromagnetic wave) in non-dispersive
medium, and is often applied for most of the practical
purposes[2–5] including the case of x-ray scattering by a
crystal [6]. However, while F-K theory of scalar diffrac-
tion is not manifestly consistent, Rayleigh-Sommerfeld
(R-S) theory [1] of scalar diffraction is manifestly consis-
tent except at the edge of the aperture/obstacle [7, 8].
Hence, we adopt Rayleigh-Sommerfeld scalar diffraction
theory for our analyses at observation points away from
the aperture.
Rayleigh-Sommerfeld obtained two solutions to the
Helmholtz equation for the scalar field. The solutions are
known as R-S diffraction integrals of the 1st kind (RSI-1)
and the 2nd kind (RSI-2) which are compatible with the
Kirchhoff boundary conditions of the 1st kind and the
2nd kind respectively. RSI-1 fits better than both the
RSI-2 and the FKI in the far field region for oblique in-
cidence [9]. Hence, we take RSI-1 for our analyses. How-
ever, hardly any literature, except the theoretical work
done in the Ref.[10], is found for studying diffraction of
light by a moving aperture. Such a study is important for
analysing Doppler effect on the intensity pattern for the
∗Electronic address: sbsp [at] uohyd.ac.in
diffraction. The authors of the Ref.[10], however, anal-
ysed the non-relativistic longitudinal Doppler effect on
the intensity pattern by adopting F-K scalar diffraction
theory in this regard. In this article, we want to analyse
the relativistic transverse Doppler effect by adopting R-S
scalar diffraction theory [1].
For any relativistic description time appears as a coor-
dinate. Hence, we are bringing time (t) into the dis-
cussion unlike the case where the aperture is station-
ary and the description is time-independent. Natu-
rally, the Green’s function which appears in the RSI-
1 would now become time-dependent. Let us consider
a time-dependent monochromatic scalar field ψ(~r, t) =
U(~r)e−iωt which satisfies the wave-equation
( 1
c2
∂2
∂t2
−∇2
)
ψ(~r, t) = 0 (1)
and results the Helmholtz equation
(∇2 + k2)U(x, y, z) = 0 (2)
for the time-independent part U(~r) = U(x, y, z) defined
in a region R in the vacuum-space for the wavenumber
k = ω/c, (angular) frequency ω and the phase-velocity
c in the vacuum-space. If the monochromatic wave inci-
dents from the left half-space z < 0 and is diffracted in
the right half-space z > 0 by an aperture A of an opaque
screen situated in the xy-plane, then the scalar field U(~r)
at the point ~r = xiˆ+yjˆ+zkˆ in the right half-space z > 0
is given by the RSI-1 [1, 2]
U(x, y, z) =
1
4π
∫∫
A
U(x0, y0, 0)
[
∂G−(~r)
∂z0
]
z0=0
dx0dy0(3)
where R+ = +[(x−x0)2+(y−y0)2+(z−z0)2]1/2, R− =
+[(x−x0)2+(y−y0)2+(z+z0)2]1/2 and G−(~r) = e
ikR+
R+
−
eikR−
R−
is an auxiliary function which is a combination of
two time-independent Green’s functions each of which
obeys the Helmholtz equation along-with the scalar field
2U(~r) for z0 → 0. Thus, from Eqn.(3) we get the time-
dependent diffracted scalar field in the right half-space,
as
ψ(~r, t) =
e−iωt
4π
∫∫
A
U(x0, y0, 0)
[
∂G−(~r)
∂z0
]
z0=0
dx0dy0.(4)
If the aperture moves uniformly with the velocity vjˆ
along the y-axis, then y0 so as R+, and R− change
with time. This results the auxiliary function G−(~r)
in Eqn.(4) to be time-dependent. Relativistic covari-
ance further has to be employed in the wave equation
(Eqn.(1)) for analysing the relativistic transverse Doppler
effect on the diffracted scalar field.
Calculation in our article begins with the relativistic
generalization of the wave equation (i.e. Eqn.(1)) and
its solution (i.e. Eqn.(4)) in the both the rest fame and
in the moving frame. Here by moving frame we mean –
the frame attached to the moving aperture, and by rest
frame we mean – the frame at rest with the source of
the scalar field and the observation point for the scalar
diffraction. Then we obtain the diffracted fields in the
moving frame for (i) rectangular aperture, (ii) circular
aperture, and (iii) diffraction grating. Then we obtain
the diffracted field in the rest frame for the oscillatory
shutter. We analyse all the results for both the radiative
near field zone and the far field zone. Finally, we discuss
and conclude.
II. RAYLEIGH-SOMMERFELD SCALAR
DIFFRACTION BY MOVING APERTURES
We apply H-F principle for the scalar diffraction in
the right half-space (z > 0) by the moving aperture (A)
which is lying in the xy-plane and moving uniformly with
the velocity vjˆ (v < c) along the y-axis as described be-
fore. The application goes in the line of the R-S scalar
diffraction theory for the 1st kind. For simplicity, let
us consider the scalar diffraction of a plane wave from
the moving aperture. The frame having the Cartesian
coordinates x, y and z and the origin O, is called as
the rest frame, and is denoted as S. Now we need at
least one moving frame for showing covariance of physi-
cal laws in the domain of the special theory of relativity.
Let an aperture fixed frame having the Cartesian coor-
dinates x′, y′ and z′ and the origin O′, be called as the
moving frame, and is denoted as S′. The primed and
unprimed axes (i.e. ~x||~x′, ~y||~y′ and ~z||~z′) are always par-
allel in our set-up. While the time of an event in the
space-time is recorded as t in the rest frame, the same
is recorded as t′ in the moving frame. Let the respec-
tive clocks be initially synchronized (t = t′ = 0) for an
event at ~r = ~r′ = 0. This implies that, both the origins
of S and S′ frames were coincident at t = t′ = 0. The
primed coordinates follow from the unprimed coordinates
through the Lorentz transformation. We further consider
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normal incidence of the plane wave Beikz−ωt with the 4-
wave vector (0, 0, k, ω/c) on the moving aperture in the
rest frame.
Eqn.(1) is already relativistically covariant. Thus, the
wave equation is read in the moving frame, as
( ∂2
c2∂t′2
−∇′2
)
ψ′(~r′, t′) = 0. (5)
The moving observer, however, must take the time-
dependent diffracted scalar field (ψ(~r′, t′)) to have the
same form as in Eqn.(4) according to the principle of
special relativity. Though the incident plane wave falls
normally on moving aperture in the rest frame, it falls
obliquely on the aperture in the moving frame with the
4-wave vector (k′x, k
′
y, k
′
z, ω
′/c), where k′x = 0, k
′
y =
[0 − (v/c)(ω/c)]γ, k′z = k and ω′ = γω, where the Lo-
tentz factor γ = 1/
√
1− v2/c2 [11]. This transformation
leads to the transverse Doppler effect in the moving frame
3[11]. Thus, while the time-dependent incident scalar
field at the aperture takes the form ψ(i)(x0, y0, 0, t) =
Be−iωt in the rest frame, the same takes the form
ψ′(i)(x′0, y
′
0, 0, t
′) = Be−i[
vω′
c2
y′0+ω
′t′] in the moving frame.
This clearly indicates – while the phase at a given time
is uniform at the aperture in the rest frame, it is uni-
formly increasing from its upper end to the lower end in
the moving frame, as illustrated in FIG. 1.
However, if the field point is (~r, t) in S frame and
(~r′, t′) in S′ frame, where the diffracted scalar field
is observed, then, the causality demands c(t′ − t′0) =
R′+(~r
′, t′;~r′0, t
′
0) = R
′
−(~r
′, t′;~r′0, t
′
0) where t
′
0 is earlier than
t′ and R′+(~r
′, t′;~r′0, t
′
0) = +[(x
′−x′0)2+(y′(t′)−y0(t′0))2+
(z′ − z′0)2]1/2 is the distance between the object point
(~r′) and secondary source point (x′0, y
′
0, z
′
0) in the aper-
ture for z′0 → 0, and R′−(~r′, t′;~r′0, t′0) = +[(x′ − x′0)2 +
(y′(t′)− y0(t′0))2 + (z′ + z′0)2]1/2 is the distance between
the object point (~r′) and the corresponding image point
(x′0, y
′
0,−z′0) at the aperture for z′0 → 0. While the obser-
vation point moves in the moving frame, the secondary
source point moves in the rest frame. Eventually, time
of incidence of the scalar field on the aperture is not
fixed for fixed time of observation in either of the frames.
This allows interference of the diffracted fields of different
time of incidence on the aperture in both the the moving
frame and the rest frame. Thus, we get the diffracted
scalar field in the right half space (z′ > 0) in the moving
frame by generalizing the from of the Eqn.(4), as
ψ′(~r′, t′) =
1
4π
∫∫
A
dx′0dy
′
0
∫ ∞
−∞
dt′0
[
ψ
′(i)(~r′0, t
′
0)×
[
∂G′−(~r
′, t′;~r′0, t
′
0)
∂z′0
]
z′0=0
]
(6)
where ψ′(i)(~r′0, t
′
0) = Be
−i[ vω
′
c2
y′0+ω
′t′0] is the incident
scalar field at the aperture as evaluated above, and
G′−(~r
′, t′;~r′0, t
′
0) =
ei[k
′R′+−ω
′(t′−t′0)]δ(t′ − t′0 − R
′
+
c )
R′+(~r
′, t′;~r′0, t
′
0)
−e
ik′ [R′
−
−ω′(t′−t′0)]δ(t′ − t′0 − R
′
−
c )
R′−(~r
′, t′;~r′0, t
′
0)
(7)
is the auxiliary function where the δ-functions take care
of the causality constraint once the integration over t′0 is
evaluated. Each of the two parts of the auxiliary func-
tion is a retarded Green’s function which obeys the wave
equation (Eqn.(5)) for z′0 → 0 and t′ > t′0. Eqn.(6) can
be further recast after evaluating the derivative at z′0 = 0
and integrating over t′0, as
ψ′(~r′, t′) = − z
2π
∫∫
A
dx′0 dy
′
0ψ
(i)(~r′0, t
′ −R′(t′)/c)
× 1
R′2(t′)
[
ik′ − 1
R(t′)
]
= −zBe
−iω′t′
2π
∫∫
A
ei[
vk′
c y
′
0+k
′
√
x′20 +(vt
′+y′0−y
′)2+z2]
×
[
ik′
(x′20 + (vt
′ + y′0 − y′)2 + z2)
− 1
(x′20 + (vt
′ + y′0 − y′)2 + z2)3/2
]
dx′0dy
′
0 (8)
where R′(t′) = R′+|z′0=0 = R′−|z′0=0 = +[(0−x′0)2+([y′−
vt′] − y′0)2 + (z − 0)2]1/2, ω′ = ck′, y′ − vt′ = y′(t′) and
y′0 = y
′
0(t
′).
On the other hand, the time-dependent diffracted
scalar field in the rest frame would be of the same form
as in Eqn.(6), as
ψ(~r, t) =
1
4π
∫∫
A
∫ ∞
−∞
ψ(i)(~r0, t0)
[
∂G−(~r, t;~r0, t0)
∂z0
]
z0=0
dt0dx0dy0
= − z
2π
∫∫
A
dx0dy0
∫ ∞
−∞
dt0ψ
(i)(~r0, t0)×
ei[kR(t0)−ω(t−t0)]
R2(t0)
[
ik − 1
R(t0)
]
δ(t− t0 − R(t0)
c
)
(9)
where ψ(i)(~r0, t0) = Be
−iωt0 is the normally incident
scalar field at the moving aperture and the auxiliary func-
tion G−(~r, t;~r0, t0) follows the same definition as that in
Eqn.(7) for the unprimed variables including k and ω,
and R(t0) = R+
∣∣
z0=0
= R−
∣∣
z0=0
= +[(0 − x0)2 + (y −
[vt0 + y0])
2 + (z − 0)2]1/2. Eqn.(9) is our key equation
for the time-dependent diffracted field in the right half
space (z > 0) within the R-S scalar diffraction theory of
the 1st kind by an aperture moving with a uniform rela-
tivistic speed perpendicular to the direction of incidence.
Eqns.(6) and (8) are also the key equations and serve the
same purpose in the moving frame. Using the covariance
of the solution and the extra advantage offered by the
moving frame in terms of time independent locations of
secondary source points, we obtain the intensity pattern
in the moving frame for different kind of apertures.
A. Diffracted scalar field in the moving frame for a
single slit
1. Rectangular aperture
The scalar diffraction in the right half space (z′ = z >
0) by the rectangular aperture in the moving frame is de-
scribed in the FIG. 2. The O′X ′Y ′Z ′ frame is attached
4at the center of the aperture A such that {x′0, y′0, 0} ∈ A
for −a/2 < x′0 < a/2 and −b′/2 < y′0 < b′/2. While
the wavefront of the plane wave of wavelength λ′ = 2pik′
of the scalar field is obliquely incident on the aperture,
the point of observation (0,−vt′+ y′, z), which though is
fixed at (0, y, z) in the rest frame, is uniformly moving in
the moving frame. Now, we evaluate Eqn.(8) for the rect-
angular aperture. The integral, however, takes a simple
form for both the Fresnel zone ( [inf(a,b
′)]4
8z3λ′ ≪ 1) and the
Fraunhofer zone ( [inf(a,b
′)]2
2zλ′ ≪ 1) in the short time scale
([vt′/z]2 ≪ 1) and length scale ((b′/z)2 . (y′/z)2 ≪ 1) of
observation. We employ above approximation on the dis-
tance between a secondary source point in the aperture
and the moving observation point, and get
R′(t′) = +[x′20 + ([vt
′ − y′] + y′0)2 + z2]1/2
= z¯(t′)
[
1 +
2y′0[vt
′ − y′]− 2y′vt′
z¯2(t′)
+
x′20 + y
′2
0
z¯2(t′)
]1/2
≃ z¯(t′)
[
1 +
y′0[vt
′ − y′]− y′vt′
z¯2(t′)
+
x′20 + y
′2
0
2z¯2(t′)
]
(10)
where z¯(t′) =
√
z2 + (vt′)2 + y′2 which can be further
approximated to be as z¯(t′) ≃ z to obtain
ψ′(~r′, t′) ≃ −Bze
i[k′z¯(t′)−ω′t′]
2
√
2πk′z¯(t)
e−i[
pi
4+
k′ z¯(t′)[v+
c(vt′−y′)
z¯(t′)
]2
2c2
]
×e−i
k′vt′y′
z¯(t′)
[
ae
ia2k′
8z¯(t′)√
z¯3(t′)/k′
− 2√πik′
×[C( a
√
k′
2
√
πz¯(t′)
)
+ iS
(
a
√
k′
2
√
πz¯(t′)
)]]
×
[
erfi
(
e
ipi
4
[
2v[1 + ct
′
z¯(t′) ] +
(b′−2y′)c
z¯(t′)
]
2
√
2c
√
1/k′z¯(t′)
)
−erfi
(
e
ipi
4
[
2v[1 + ct
′
z ]− (b
′+2y′)c
z¯(t′)
]
2
√
2c
√
1/k′z¯(t′)
)]
(11)
where C, S and erfi represent Fresnel cosine inte-
gral, Fresnel sine integral and imaginary error func-
tion respectively. Above integral is valid for short
time scale ([vt′/z]2 ≪ 1) in both the radiative near
field zone and far field zone, and in the far field
zone ( [inf(a,b
′)]2
2zλ′ ≪ 1) it takes the form ψ′(~r′, t′) ≃
−i ab′zλ′z¯2(t′)Bei[k
′z¯(t′)−ω′t′]
[
sinc
(pib′[v+c(vt′−y′)/z¯(t′)]
λ′c
)]
ex-
hibiting the Fraunhofer diffraction for b ≪ a. The prin-
ciple of the special relativity suggests that, the corre-
sponding scalar field in the rest frame would be of the
form ψ(~r, t) = ψ′(~r, t) with x′, y′, z′, t′ in ψ′(~r, t) be re-
placed by x′, y′, z′, t′. This is not a surprise as because,
both the scalar fields ψ(~r, t) and ψ′(~r′, t′) obey the same
covariant wave equation (1) and (5) in the rest frame
and the moving frame respectively. The intensity pat-
tern for the diffracted scalar field, however, is depen-
dent of the choice of the inertial frames as the absolute
value of diffracted scalar field is not a Lorentz invari-
ant. The Fraunhofer diffraction formula for the single-
slit with y′/z(t′) ≃ sin(θ′), (vt′/z)2 ≪ 1 and (y′/z)2 ≪ 1
would now be read as b′
[
sin(θ′)− vt′z¯(t′) − vc
]
= nλ′ where
n = 0,±1,±2, .... The relativistic Doppler effect, which
is absent in non relativistic limit, appears as v/c term
in the formula and results in broadening of the central
peak of the diffraction pattern. The Fraunhofer diffrac-
tion formula as obtained in the moving frame also defines
excess optical path difference over b sin(θ) for the motion
of the observation point as δ[b′ sin(θ′)] ≃ b′v[ 1c + t
′
z¯(t) ] re-
sulting excess time-delay τ = [δb
′ sin(θ′)]
c ≃ b′v[ 1c2 + t
′
cz¯(t) ].
Result (Eqn.(11)) for the single-slit, however, can be di-
rectly used to determine the diffracted scalar field in the
moving frame for the diffraction grating.
2. Circular aperture
If we replace the rectangular aperture by a circular
aperture of the radius a′ in the moving frame, then the
distance between a secondary source point in the aper-
ture and the moving observation point would follow the
Eqn.(10) subject to the constraint (0 ≤ x′20 + y′20 ≤ a′2).
Now we evaluate Eqn.(8) within the circular aperture in
circular polar coordinates (r0, φ0;x
′
0 = a
′ cos(φ0), y
′
0 =
a′ sin(φ0)) as
ψ′(~r′, t′) ≃ −B z
z¯(t′)
ei[k
′z¯(t′)−ω′t′]e
i[ k
′a′2
4z¯(t′)
−
vt′y′
z¯2(t′)
]
k′z(t′)
×
[
k′a′2
z¯2(t′)
cos
(
k′a′2
4z¯2(t′)
)
+ 2i
[
k′ +
3i
z¯(t′)
]
× sin
(
k′a′2
4z¯2(t′)
)]
×J0
(
a′k′v
c
+ a′k′
[vt′ − y′]
z¯(t′)
)
(12)
where z¯(t′) =
√
z2 + (vt′)2 + y′2 is further approxi-
mated to be as z¯(t′) ≃ z. This result is valid in
both the Fresnel zone ( a
′4
8z3λ′ ≪ 1) and the Fraunhofer
zone ( a
′2
2zλ′ ≪ 1) in the short time scale ([vt′/z]2 ≪
1). It, however, takes a simpler form ψ′(~r′, t′) ≃
−i zpia′2λ′z¯2(t)Bei[k
′ z¯(t′)−ω′t′]J0
(
a′k′v
c +
2pia′
λ′
[vt′−y′]
z¯(t′)
)
in the far
field ( a
′2
2zλ′ ≪ 1) zone. This form exhibits Fraunhofer
diffraction for v → 0 as expected from the previous sub-
subsection. Fraunhofer diffraction formula for the mov-
ing observation point can now be obtained for the loca-
tion of the Bessel-zeros.
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B. Diffracted scalar field in the moving frame for
the diffraction grating
We now consider a diffraction grating, which is an ar-
ray of single slits in the x′y′-plane, with the single slit
spacing d′ along the y′ axis. We further consider that,
there are (N − 1)/2 single-slits along the +ve y′ axis
and (N − 1)/2 single-slits along the -ve y′-axis around
the original one as considered in the previous subsection.
The coordinate system remains unaltered with the origi-
nal single silt in the diffraction grating. Middle of the jth
slit with respect to that of the original one is separated by
y′j = jd
′ where j = 0,±1,±2, ...,±N/2. Optical distance
between a secondary source point in the jth aperture
and the moving observation point (0,−vt′, z) is given by
generalizing the form in Eqn.(10), as
R′j(t
′) = +[x′20 + ([vt
′ − y′] + [y′0 + jd′])2 + z2]1/2
≃ z¯(t′)
[
1 +
(y′0 + jd
′)[vt′ − y′]− y′vt′
z¯2(t′)
+
x′20 + (y
′
0 + jd
′)2
2z¯2(t′)
]
(13)
where z¯(t′) =
√
z2 + (vt′)2 + y′2 is further approximated
to z¯j(t
′) ≃ z for a short time observation ((vt′/z)2 ≪ 1)
for a small-sized (j2d′2/z2 ≪ 1 ∀j) grating. The approxi-
mation on R′j(t
′) would be useful for the scalar diffraction
due to the grating in the short time scale in the far field
zone. The diffracted scalar field at a point is obtained
as a superposition of contributions from individual single
slits (total no. N), which differ in their contribution by
respective phases, is
ψ′(~r′, t′) ≃
(N−1)/2∑
j=−(N−1)/2
− Bz
z¯(t)
ei[k
′z¯(t′)−ω′t′]
2
√
2πk′
×e−i[pi4+ k
′z¯(t′)[v+c(vt′−y′)/z¯(t′)]2
2c2
]e
−i k
′[vt′y′+d′jv/c]
z¯(t′)
×
[
ae
ia2k′
8z¯(t′)√
z¯3(t′)/k′
− 2√πik′[C( a
√
k′
2
√
πz¯(t′)
)
+iS
(
a
√
k′
2
√
πz¯(t′)
)]]
×
[
erfi
(
e
ipi
4
[
2v[1 + ct
′
z¯(t′) ] +
(b′−2[y′−jd′])c
z¯(t′)
]
2
√
2c
√
1/k′z¯(t′)
)
−erfi
(
e
ipi
4
[
2v[1 + ct
′
z ]− (b
′+2[y′−jd′])c
z¯(t′)
]
2
√
2c
√
1/k′z¯(t′)
)]
.(14)
Eqn.(14) takes a simpler form in the far field zone
( [inf(a,b
′)]2
2zλ′ ≪ 1) for b ≪ a and d′j . y′ ∀j in the short
time scale ((vt′/z)2 ≪ 1), as
ψ′(~r′, t′) ≃ −i ab
′z
λ′z¯2(t′)
Bei[k
′z¯(t′)−ω′t′]
sin(pid
′N [vt′−y′]
z¯(t′)λ′ )
sin(pid
′[vt′−y′]
z¯(t′)λ′ )
×[ sinc (πb′[v/c+ [vt′ − y′]/z¯(t′)]
λ′
)]
. (15)
The appearance of the v/c term, accounts for the shift in
wave number, as required by the relativistic transverse
Doppler effect. One can easily get back the usual Fraun-
hofer diffraction result for the grating, as well as that for
the single-slit (N = 1) by setting v → 0 now. We need
to equate ~k′ with the magnitude of the momentum of
an electron (keeping v/c as it is for the relativistic effect)
in the moving frame to apply Eqn.(15) for the electron-
diffraction. Diffraction due to the grating would look like
that to a single slit (except scaling by N) for t′ → 0 and
y′ → 0. The time-delay τ = b′v[ 1c2 + t
′
cz¯(t′) ] which was
defined for the diffraction by the rectangular aperture
would still be useful for the grating at least for t′ → 0
and y′ → 0. Eqn.(15) takes the form
ψ′(0, 0, z, 0) ≃ −iab
′N
λ′z
Beik
′z
[
sinc
(
πcτ/λ′
)]
(16)
for t′ → 0 and y′ → 0. We plot modulus squared of
the right hand side of Eqn.(16) with respect to the time-
delay (τ = b′v/c2) at y′ = 0 and t′ = 0 in the FIG. 3.
It is clear from the figure that, the coherence so as the
relative intensity at a point decreases with the increase
of the time-delay.
C. Diffraction by single-slit of oscillatory shutter
We already have considered scalar diffraction by a rect-
angular aperture in section 2A.1. Let us now study the
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FIG. 4: Time-dependence of the intensity Iω0(y, t) =
|ψ(0, y, z, t)|2 of the diffracted field in units of IF (0, t) which
represents Fraunhofer single-slit diffraction result for the in-
tensity at any time at the point (0, 0, z). The diffracted
field follows Eqn.(18) for the parameters c = 3 × 108m/s,
λ = 6000A˚, z = 0.5m, y = z/50, b = 0.00025m and
ω0 = 10
15Hz.
same with the only difference that the slit is now be-
ing opened and closed in regular interval of time 2π/ω0
along the yˆ0 direction. The slit though as a whole
is not moving, its edges are oscillating with same fre-
quency in the rest frame such that (−b/2) sinω0t0 <
y0 < (b/2) sinω0t0 holds for this case. Diffracted scalar
field for this case, can be determined from Eqn.(9) for
R(t0) = [(0 − x0)2 + (y − y0)2 + (z − z0)2]1/2 ∀t0. The
scalar diffracted field takes simple form in the Fraunhofer
zone ( [inf(a,b)]
2
2zλ ≪ 1) once we approximate the following
R(t0) ≃ z¯[1− yy0/z¯2] where z¯ = +[z2+ y2]1/2. Thus, we
evaluate the integrations on x0 and y0, as
ψ(~r, t) ≃ −i
∫ ∞
−∞
abz
λz¯2
Bei[kz¯−ωt]
[
sinc
(πyb sin(ω0t0)
λz¯
)]
× sin(ω0t0)δ(t− t0 − z¯)dt0, (17)
where only in δ(t − t0 − R(t0)) we have approximated
R(t0) ≃ z¯ for z¯2 ≫ yb/2. Now evaluating the time-
integral in Eqn.(17) we get diffracted scalar field at the
point of observation (0, y, z), as
ψ(~r, t) ≃ −i abz
λz¯2
Bei[kz¯−ωt]
[
sinc
(πyb sin(ω0[t− z/c])
λz¯
)]
× sin(ω0[t− z/c]). (18)
We plot modulus squared of the right hand side of
Eqn.(18) in the FIG. 4. The time z/c taken by the scalar
field to reach the point of observation from the slit, takes
care of the relativistic effect on the scalar diffraction. The
oscillation in the intensity pattern is coming from both
the sinc function and the sinusoidal function.
III. CONCLUSION
To conclude, we have illustrated relativistic gener-
alization of the Rayleigh-Semmerfeld scalar diffraction
theory for various moving apertures such as rectangu-
lar aperture, circular aperture and diffraction grating.
Our results for the moving apertures capture the trans-
verse Doppler effect, i.e. increment of the angular fre-
quency (ω′ − ω = ω[γ − 1]) and that of the wavelength
(λ′ − λ = λ[1/γ − 1]), once the intensity distribution of
the diffracted fields are observed from the moving frames.
Our results are fairly accurate for all possible values of
speed of the moving apertures. We have considered only
uniform motion of the apertures in the article. Consid-
eration of non-uniform motion the the apertures would
replace the special relativity by the general relativity.
While the experimental realization of the transverse
Doppler effect on the scalar diffraction would be diffi-
cult, experimental realization of the scalar diffraction by
the oscillatory shutter would be easy. The transverse
Doppler effect, can however, be analogously observed, as
time-delay of order 10−15s as shown in FIG. 3 is easily
measurable quantity now-a-days, by virtue of maintain-
ing uniformly increasing phase shift from top to bottom
of the aperture in the rest frame, e.g. by setting a prism
next to the aperture and uniformly rotating it for some
time interval.
Rayleigh-Sommerfeld scalar diffraction theory, how-
ever, do not take aperture-edge effect into account [7, 8].
Aperture-edge effect, however, is not significant if the
dimension of the aperture is reasonably larger than the
wavelength of the scalar field incident on it. Rayleigh-
Sommerfeld scalar diffraction theory would be applica-
ble for the diffraction of electromagnetic wave in this
situation. Otherwise, we need to generalize the vector
diffraction theory [12] for the diffraction of electromag-
netic wave by the moving apertures. We are keeping this
as an open problem.
We have considered scalar field for mass-less particles.
Scalar field, however, obeys the Klein-Gordon equation
instead of the wave equation (Eqn.(5)) for scalar parti-
cles of nonzero mass. How to generalize the Rayleigh-
Sommerfeld scalar diffraction theory from the Klein-
Gordon equation is also kept as an open problem.
Scalar diffraction theory is often applied to the diffrac-
tion of beam of electrons. This is possible if the wave-
length associated with an electron in the beam is much
smaller than the dimension of the aperture. Otherwise,
we need to generalize both the path-integral formalism of
the quantum theory of diffraction for the Dirac spinors
[13] and the quantum theory of diffraction in the light of
quantum measurement [14] for the uniform motion of the
apertures. We are also keeping this as an open problem.
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